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Abstract
Measurements of spectra of identified particles produced in jets represent an important tool for understanding the
interplay of various hadronisation mechanisms which contribute to particle production in the hot and dense medium
created in ultra-relativistic heavy-ion collisions. In this contribution, we present the measurements of the pT spectra
of Λ baryons and K0S mesons produced in charged jets in Pb–Pb collisions at
√
sNN = 2.76 TeV and in p–Pb collisions
at
√
sNN = 5.02 TeV. The results are obtained with the ALICE detector at the LHC, exploiting the excellent particle
identification capabilities of this experiment. Baryon-to-meson ratios of the spectra of strange particles associated
with jets are studied in central collisions and are compared with the inclusive ratios.
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1. Introduction
An enhancement of the baryon-to-meson ratio has
been observed for inclusive production of light-
flavour particles at intermediate transverse momenta
(2 GeV/c < pT < 6 GeV/c) in heavy-ion collisions when
compared to the ratio measured in proton–proton (pp)
collisions. The effect was first observed at the Relativ-
istic Heavy Ion Collider [1, 2, 3] and later at the Large
Hadron Collider (LHC) as well [4]. The ratio of the in-
clusive pT spectrum of Λ baryons to the spectrum of
K0S mesons measured in lead–lead (Pb–Pb) collisions
with the ALICE experiment increases strongly with
centrality and, for the most central collisions, reaches
a maximum three times higher than the ratio obtained
for pp collisions. A smaller but still significant en-
hancement is manifest in proton–lead (p–Pb) collisions
as well [5]. This phenomenon is not understood yet and
various mechanisms have been proposed to explain it.
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One of considered explanations is modification of jet
fragmentation in medium. Jet fragmentation denotes the
process of hadron production from a parton with large
momentum produced in a hard scattering. The ener-
getic parton undergoes parton showering followed by
hadronisation which gives origin to a collimated spray
of hadrons called a jet. The process might be sensitive
to interactions of fragmenting partons with the strongly-
interacting matter created in ultra-relativistic heavy-ion
collisions. Such interaction might modify properties of
the resulting jet, including pT spectra of the hadrons
which constitute the jet.
Some attempts to explain the enhancement of the
baryon-to-meson ratio propose contribution from vari-
ous scenarios based on hadronisation by parton recom-
bination which assumes that in a dense medium, where
phase space is filled with partons, hadrons are produced
by the clustering of multiple partons together [6, 7, 8,
9, 10]. That would result in a harder pT spectrum of
baryons with respect to a spectrum of mesons.
The goal of the presented analysis is to study the
origin of the enhancement by separating hadrons pro-
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duced in association with hard processes and hadrons
produced in the bulk. The results of this analysis aim
to disentangle contributions of processes in bulk and
potential contribution of modified jet fragmentation in
medium.
2. Analysis
The analysis is performed on data recorded with the
ALICE detector at the LHC during the runs with Pb–Pb
and p–Pb collisions at the centre-of-mass energies of√
sNN = 2.76 TeV and 5.02 TeV, respectively. Track-
ing of charged particles in the central barrel is provided
by the Inner Tracking System and the Time Projection
Chamber, both placed in a magnetic field of 0.5 T. The
centrality of collisions is estimated from the multipli-
city of charged particles measured in the V0 detectors
at forward pseudorapidities [11].
The analysis of neutral strange particles in charged
jets consists of two main parts: reconstruction of
charged jets and reconstruction of neutral strange
particles.
The jet reconstruction is performed using primary
charged particles with pT greater than 150 MeV/c within
the pseudorapidity acceptance of |ηtrack| < 0.9. Charged
particles are clustered into jets by the anti-kt jet al-
gorithm (implemented in the FastJet package [12]) us-
ing resolution parameter R = 0.2 for Pb–Pb collisions
and R = 0.2, 0.3, 0.4 for p–Pb collisions.
The jet algorithm cannot distinguish jet fragments
from particles produced in the underlying event. The
mean density of background contributing to the recon-
structed jet momenta is estimated in each event from
clusters reconstructed with the kt algorithm [13]. The
corresponding momentum is then subtracted for each
reconstructed jet. In order to increase the probabil-
ity of selecting a hard scattering in Pb–Pb collisions,
thresholds are imposed on jet pT (p
jet,ch
T ), pT of the lead-
ing constituent of the jet (pleading trackT > 5 GeV/c) and jet
area (Ajet,ch > 0.6piR2). Spectra of strange particles in
charged jets are studied for two thresholds of jet mo-
mentum: pjet,chT > 10 GeV/c and p
jet,ch
T > 20 GeV/c.
Neutral strange particles (V0) are reconstructed using
the topology of their most probable weak decays into
charged particles, namely K0S → pi+ + pi−, Λ→ p + pi−
and Λ→ p + pi+. Combinatorial background from fake
V0 candidates is strongly suppressed by cuts applied on
parameters of the decay and the signal yields are extrac-
ted from the resulting invariant-mass distribution. Spec-
tra of Λ baryons are analysed separately from those of
Λ baryons and combined into the baryon-to-meson ratio
as (Λ + Λ)/2K0S.
If a V0 candidate fulfils the selection criteria, the an-
gular distance between its momentum vector and the
axis of each selected jet in the event is calculated. A jet
is considered for matching with V0 candidates only
if its cone is fully contained within the acceptance of
V0 particles: |ηjet,ch| < |ηV0 |max − R. The V0 candidate
is considered to be inside the jet cone if its distance to
the jet axis is less than the resolution parameter of the
jet finder:√
(ϕV0 − ϕjet,ch)2 + (ηV0 − ηjet,ch)2 < R. (1)
V0 particles collected within jet cones originate not
only from jet fragmentation but also from the under-
lying event. Spectra of particles coming from the un-
derlying event are estimated by several methods where
V0 candidates are associated with regions where only
contribution from the underlying event is expected.
An efficiency correction is applied to raw V0 spectra
using the inclusive simulated particles. Then, spectra
of particles in the underlying event are subtracted from
spectra of particles in jet cones. The resulting spectra
still contain a contamination from decays of jet constitu-
ents. The corresponding fraction is subtracted by apply-
ing a correction for feed-down from decays of Ξ0 and
Ξ− baryons (Ξ0,−) into Λ baryons. Since the spectra
of Ξ0,− baryons in jets have not been measured yet, the
feed-down fraction of inclusive Λ baryons is used as the
default option. To estimate the related systematic uncer-
tainty, we use spectra of hyperons in jets in simulated
pp collisions at
√
s = 2.76 TeV or 5.02 TeV generated
by PYTHIA 8, tune 4C [14, 15].
3. Results
Figure 1 shows the ratio of the pT spectra of Λ and
Λ baryons to that of K0S mesons measured in charged
jets in high-multiplicity p–Pb collisions for two pjet,chT
thresholds. The ratio is compared with the measured in-
clusive ratio and with ratios obtained from simulations
performed with PYTHIA 8. The measured baryon-to-
meson ratio in jets in p–Pb collisions is below the in-
clusive ratio i) measured in p–Pb collisions, ii) meas-
ured in pp collisions [16] (not shown) and iii) ob-
tained with PYTHIA simulations. Moreover, the meas-
ured ratio exhibits a surprising similarity with ratios
of particles in jets simulated in PYTHIA and does not
evince any significant dependence on R or pjet,chT . The
results indicate no visible modification of strangeness
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Figure 1: Λ/K0S ratio in charged jets with R = 0.2, 0.3, 0.4 in
p–Pb collisions at
√
sNN = 5.02 TeV for p
jet,ch
T > 10 GeV/c (left) and
pjet,chT > 20 GeV/c (right), compared with the inclusive ratio in p–Pb
and simulation results in pp. Black solid line indicates the inclusive
ratio from PYTHIA 8. Red dashed lines denote the spread of ratios in
PYTHIA jets for all used values of R.
production in charged jets in p–Pb compared to pp
and the enhancement of the baryon-to-meson ratio thus
seems to be due to effects of the underlying event.
Figure 2 shows the pT dependence of the Λ/K0S ra-
tio measured in charged jets in central Pb–Pb collisions,
compared with the inclusive ratio measured in central-
ity range 0–5 %. The ratio measured for particles in jets
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Figure 2: Λ/K0S ratio in charged jets with R = 0.2 in Pb–Pb collisions
at
√
sNN = 2.76 TeV for p
jet,ch
T > 10 GeV/c and p
jet,ch
T > 20 GeV/c,
compared with the inclusive ratio.
is significantly lower than the inclusive ratio at inter-
mediate pT without exhibiting any dependence on the
pjet,chT threshold. The ratio in jets and the inclusive ratio
meet at higher pT where production by jet fragmenta-
tion starts to be the dominant hadronisation process.
4. Summary
We described techniques used in the analysis of the
Λ/K0S ratio in charged jets. We presented the first meas-
urement of the spectra of Λ baryons and K0S mesons in
jets in Pb–Pb and p–Pb collisions at the LHC, performed
by ALICE.
In both collision systems, the production of strange
particles associated with jet fragmentation differs sig-
nificantly from inclusive production and does not seem
to depend on the minimum jet momentum. The meas-
ured Λ/K0S ratios indicate that the enhancement does not
originate from modified jet fragmentation for the given
sample of jets.
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